Introduction
Oshima et al isolated the 3,6-anhydro amino sugar derivatives, furanodictines A (1) and B (2) from the metabolic extract of the fruiting body of the cellular slime mold Dictyostelium discoideum (Fig. 1) . 1 Both these compounds display potent neuronal differentiation activity in rat PC-12 cells. 1, 2 The absolute configurations of furanodictines A and B were confirmed by asymmetric syntheses of 1 and 2, which possess a 3,6-anhydro hexofuranose carbon skelton corresponding to 4 and 5, respectively. Furanodictines A (1) and B (2) are the first examples of amino sugars with an interesting bicyclic bis-tetrahydrofurofuran structure. The structural complexity, coupled with the potent biological activity, make 1 and 2 attractive targets for total synthesis. [3] [4] [5] Although total synthesis has been achieved, these synthetic procedures generally require multi-step pathways and are unsatisfactory for obtaining the target compounds in reasonable yield. There is an urgent need to prepare large quantities of such pharmacophore-containing compounds from easily available raw materials by simple methods.
Here a simple synthetic strategy for 1 and 2 starting from readily available GlcNAc was designed and executed.
Results and discussion

Transformation of GlcNAc into hexofuranoses
The reaction was initially carried out at a concentration of GlcNAc (100 mM) in borate solution (pH 7.0) at 100°C for 2 h. The reaction mixture was applied to a column of charcoal-Celite with a linear gradient of ethanol as shown in Fig. 2 (Fig. 3a) . Compounds 3, 4 and 5 were obtained in a total analytical yield of about 80% and in a ratio of 4.7 : 1 : 1, respectively. Compound 3 formed in preference to 4 and 5, which were produced in equal amount during the entire course of the reaction. GlcNAc and ManNAc are in part epimerized to each other during the reaction process. [11] [12] [13] When ManNAc, instead of GlcNAc, was used as a starting material three products 3, 4 and 5 were generated in a similar ratio and yield (Fig. 3b) . Little color was produced at pH 7, but browning occurred at pH values greater than 8. Indeed, as the pH of the reaction increased above 8 there was a significant deepening in this coloration accompanied by an increase in the proportion of unknown products other than the three hexofuranoses (data not shown). Thus, the 2-amino sugars rapidly decompose in alkaline solution upon heating to give a multitude of products followed by a browning reaction. 8 Proximity of the amino group to the anomeric center in 2-amino-sugars confers special properties, which are unusual in the carbohydrate group. 14 In addition, when GlcNAc was boiled in water as a control experiment, three compounds 3, 4
and 5 were also produced, although in extremely low total yields (5%).
Each of the products 3, 4 and 5 prepared above were reacted again under the same conditions and analyzed by HPLC. Whichever compound was chosen (i.e., 3, 4 or 5), the same products were generated during the reaction. electron displacement involving intramolecular attack of HO-6 at C-3 in 3. Whichever compound was chosen (i.e., 3, 4, 5 or GlcNAc), the reaction profiles were indistinguishable in the equilibrium state. We therefore conclude that the GlcNAc transformation is a reversible reaction followed by consecutive dehydration and epimerization.
Syntheses of furanodictines A (1) and B (2)
The ability to generate large quantities of 4 and 5 facilitated the synthesis of furanodictines A and B. Compounds 4 and 5 were directly converted to furanodictines A (1) and B (2) as shown in Scheme 2. The hydroxy group of C 5 in 4 and 5 were regioselectively esterified with isovaleryl chloride in dry pyridine to complete the total synthesis of 1 and 2,
respectively. The target products 1 and 2 were purified by chromatography on Silica Gel and ODS column to give yields of 30 and 28%, respectively, based on the amount of 4 and 5. The structures of these compounds were evaluated by 1 H and 13 C NMR analyses in CDCl 3 solution. In addition, HRESI-MS analysis of 1 and 2 showed molecular ions at m/z 310.12710
and 310.12707, respectively, arising from the [M + Na] + ions. Thus, the target products 1 and 2 were conveniently synthesized in only a two-step process. The spectral data of synthetic 1 and 2 were identical to those of the natural products. 
Conclusions
In conclusion, a total synthesis of furanodictines A and B has been executed via a two-step process starting from readily available GlcNAc. Our process comprises a new synthetic strategy that does not necessitate protection/deprotection. As a result, a facile transformation of GlcNAc into 4 and 5 with a 3,6-anhydro hexofuranose carbon skelton offers a promising approach towards the mass production of furanodictines A and B.
4. Experimental
General methods
GlcNAc and isovaleryl chloride were purchased from Sigma-Aldrich (St. Louis, MO). All other reagents were of the highest quality commercially available and were used without further purification.
Analytical methods
HPLC analysis was carried out using a Unison UK-Amino column (4.6 × 250 mm, Imtakt) with a JASCO Intelligent system liquid chromatograph and detection at 210 nm. The bound material was eluted with 95% CH 3 CN at a flow rate of 1.0 mL/min at 40°C. The ESI-MS spectra were measured on a JMS-T100LC mass spectrometer. 1 H and 13 C NMR spectra were recorded on a JEOL JNM-LA 500 spectrometer at 25°C. Chemical shifts are expressed in δ relative to sodium 3-(trimethylsilyl) propionate as an external standard.
Transformation of GlcNAc into hexofuranoses
GlcNAc ( 
Syntheses of furanodictines A (1) and B (2)
Compound 4 (150 mg, 0.74 mmol) was dissolved in dry pyridine (5.0 mL) at 0°C. Isovaleryl chloride (90 µL, 0.74 mmol) was added to the solution, and then the mixture was stirred magnetically for 2 h at room temperature. The reaction was terminated by adding crushed ice.
After three extractions with chloroform, the organic layer was washed with saturated sodium bicarbonate solution, water and brine, and then dried over anhydrous sodium sulfate before 
